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CLAIMS 



(57) [Claira(s)] 

1. {R'a(CebLal-b) 1-a} x (Fel-zCoz) 100-x-y-wByMw (However, except for Ce 
and La, the rare earth elements which include Y at least one sort of R' ) 
5. 5<=x<=20, 2<=y<15, 0<=z<=0. 7, 0< w<=10, 0. 80<=a<=l. 00, 0<=b<=l, and M 
have at least one sort of presentations of Nb, Mo, Hf, Ta, and W. The 
permanent magnet it is manufactured by annealing of high-speed quenching 
and after that, and consists of a mixed phase of a microcrystal phase or 
a microcrystal phase, and an amorphous phase, and whose at least 50% or 
more of a microcrystal phase is the magnitude of less than 0. 01-3 
micrometers within the limits. 

2. Permanent magnet of application for patent which is ribbon gestalt 

given in the 1st term of range. 

3. Permanent magnet which carried out powder compacting of said 
presentation, process, and powder of organization in permanent magnet of 
application for patent given in the 1st term of range. 

4. Permanent magnet which carried out after [ grinding ] powder 
compacting of said presentation, process, and ribbon of organization in 
permanent magnet of application for patent given in the 1st term of 
range. 

5. Anisotropy permanent magnet which comes to carry out plastic working 
of said presentation, process, and powder of organization by warm 
working in permanent magnet of application for patent given in the 1st 
term of range. 

6. Permanent magnet given in any 1 term from the 1st term of range of 
application for patent in which 95% or more magnetization is possible in 

low magnetic field of about 20 kOe(s) to the 5th term. 

A permanent magnet given in any 1 term from the 1st terra of the range of 

the application for patent which is 7. 20>=x>=12 to the 6th terra. 

A permanent magnet given in any 1 term from the 1st term of the range of 



the application for patent which is 8. 5. 5< x<12 to the 6th term. 

The permanent magnet of the application for patent which is 9. 5. 5< x<10 

given in the 8th term of the range. 

10. A permanent magnet given in the 9th term of the range of the 
application for patent whose x is 6<=x<10. 

11. Permanent magnet given in any 1 term from the 1st term of the range 
of the application for patent whose y (content of B) is 4<=y<=12 and 
whose w (content which is M) is 2<=w<=10 to the 10th term. 

12. A permanent magnet given in any 1 term from the 1st term of the 
range of the application for patent whose coercive force (iHc) is 7 or 
more kOes to the 11th term. 

13. The permanent magnet of an application for patent given in the 9th 
term of the range with which it is magnets other than a bond magnet, and 
maximum energy product (BH) max exceeds 8MG0e(s). 

14. {R' a(CebLal-b) 1-a} x (Fel-zCoz) IGQ-x-y-wByMw (However, except for 
Ce and La, the rare earth elements which include Y at least one sort of 
R') 5. 5<=x<=20, 2<=y<15, 0<=z<=0. 7, 0< w<=10, 0. 80<=a<=l. 00, 0<=b<=l, 
and M have at least one sort of presentations of Nb, Mo, Hf, Ta, and W. 
The permanent magnet which was manufactured by annealing of high-speed 
quenching and after that, consisted of a mixed phase of a microcrystal 
phase or a microcrystal phase, and an amorphous phase, and used as the 
bond magnet the powder whose at least 50% or more of a microcrystal 
phase is the magnitude of less than 0.01-3 micrometers within the limits. 

15. {R' a (CebLal-b) 1-a} x (Fel-zCoz) 100-x-y-wByMw (However, except for 
Ce and La, the rare earth elements which include Y at least one sort of 
R') 5. 5<=x<=20, 2<=y<15, 0<=z<=0. 7, 0< w<=10, 0. 80<=a<=l . 00, 0<=b<=l, 
and M have at least one sort of prcscnia i i oris ol' \b, Vlo, Hf, Ta, and W. 
The manufacture approach of the permanent magnet which anneals an alloy 
molten metal after high-speed quenching in a 300-900-degree C 
temperature requirement so that at least 50% or more of the microcrystal 
phase in the mixed phase of a microcrystal phase or a microcrystal phase, 
and an amorphous phase may become the magnitude of less than 0. 01-3 
micrometers within the limits. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

This invention obtains the homogeneous and stable magnet engine 
performance by considering as the magnet which has the magnet property 
which was excellent by carrying out the rapid solidification of the 
alloy molten metal of a Fe-R-B system (R is the same the following which 
is the rare earth elements containing Y), and a Fe-Co-R-B system about 
the aperiodic compass used for various electrical machinery and 
apparatus etc. especially the quenching magnet of the alloy system 
containing rare earth elements, and iis process, and annealing the 
magnet after rapid solidification under specific conditions further. 
In addition, in this specification, at least one sort and R' show at 
least one sort in the rare earth elements which include Y except for Ce 
and La as a claim among the rare earth elements in which R includes Y. 
[Description of the Prior Art] 

Although the thing of 32MG0e is mass-produced as an energy product with 
the Sm-Co system magnet by powder-metallurgy processing as a rare earth 
magnet which has high performance, Sm and Co have the fault that a raw 
material price is high. Rare earth elements with a small atomic weight, 
for example, a cerium and a praseodymium, and neodymium are in abundance 
rather than samarium in rare earth, and a price is cheap. Moreover, Fe 
is cheap. 

Then, a Nd-Fe-B system magnet is developed in recent years, and what a 
sintered magnet depends on a high-speed quenching method by JP, 60-9852, A 
again is described by JP, 59-46008, A. 

Although the powder metallurgy process of the conventional Sm-Co system 
is applicable, since it had the process which impalpable-powder-izes the 
Nd-Fe system alloy ingot which is easy to oxidize to about 2-10 
micrometers with the magnet by the sintering process, handling carried 

out in difficulty and was, and since a thing or a powder metallurgy 
process had many routing counters (a dissolution -> casting -> ingot 
coarse-grinding -> pulverizing -> press -> sintering -> magnet), it had 
the field in which the description of using a cheap raw material cannot 



be employed efficiently. 

On the other hand, with the magnet by the high-speed quenching method, a 
process is simplified (dissolution -> high-speed quenching -> coarse 
grinding -> cold pressing (press between -> magnet), and there is an 
advantage of not needing an impalpable powder chemically-modified degree. 
However, in order to make the magnet by the high-speed quenching method 
with an industrial ingredient, much more raise in coercive force, the 
formation of a high energy product, low-cost-izing, amelioration of a 
magnetization property, etc. were desired. 

Coercive force is sharp to temperature in many properties of a rare 
earth-iron-boron permanent magnet, and the temperature coefficient of 
the coercive force (iHc) of a rare earth-iron-boron permanent magnet 
ingredient had the trouble that it was high 4 or more times in 0. 6 - 
0. 7%/[ degree C and ], to the temperature coefficient of the coercive 
force (iHc) of a rare earth cobalt permanent magnet being 0. 15%/degree C. 
Therefore, the rare earth-iron-boron permanent magnet ingredient had 
large risk of demagnetizing in connection with a temperature rise, and 
it was obliged to the limited design on a magnetic circuit. Furthermore, 
as a permanent magnet for components in the engine room of the 
automobile used in a tropical area, for example, it was unusable. It is 
known conventionally that a rare earth-iron-boron permanent magnet 
ingredient has a practical problem in the place where the temperature 
coefficient of coercive force is large, and an appearance of a magnet 
with the large absolute value of coercive force was desired (1986 a 
Nikkei now iiiHloriril , 4 -28 (No. 9) the 80th page). 

What the prosontal ion of JP, 60-9852, A which proposes making a R-B-Fe 
alloy possess high coercive force iHc and a high energy product with a 
melt quenching method becomes from Remainder Fe R(Nd, Pr) = 10% or more 
of rare earth elements and B= 0. 5 to 10% is indicated by the claim. The 
magnet property which was conventionally excellent in the R-B-Fe alloy 
is explained to be what is depended on a Nd2Fel4 B-phase compound. The 
presentation near [ therefore, ], i.e., R= 12 - 17%, where many 
proposals (JP, 59-89401, A, 60-144906, 61-579749, 57-141901, 61 No. -73861 
official report) for a sintering process and a high-speed quenching 
method to improve a magnet property correspond to this compound It is 
based on the experiment of the alloy of B= 5 - 8% of range. Since rare 
earth elements are expensive, to reduce the content is desired, but if 
there is a problem that coercive force iHc will deteriorate rapidly if 
the content of rare earth elements becomes less than 12% and it becomes 
R= 10% in JP, 60-9852, A, it is shown that iHc is set to 6 or less kOes. 
That is, although there was a fact that coercive force iHc deteriorates 



when the content of rare earth elements became less than 12% in the R-B- 
Fe system alloy, the method of designing a presentation and an 
organization so that degradation of coercive force IHc may be prevented 
in this presentation range was not learned conventionally. 
In a sintering process and a high-speed quenching method, although the 
Nd2Fel4B compound is used fundamentally, as shown in the 55th volume of 
application physics, and the No. 2 (1986) page 121, the above-mentioned 
magnet is a magnet of the type with which not only the difference in a 
mere process but both magnets completely differed from a viewpoint of an 
alloy organization and coercive force developmental mechanics. That is, 
if the diameter of crystal grain is about 10 micrometers and a sintered 
magnet is said with the conventional Sm-Co system magnet, it will be a 
new chestnut ESHON mold like the SmCo5 mold magnet with which the 
karyogenesis of a reverse magnetic domain determines coercive force, and, 
on the other hand, a high-speed quenching magnet will be a pinning mold 
magnet like the Sm2Col7 mold magnet as which pinning of a magnetic 
domain wall determines coercive force by the very detailed organization 
where the amorphous phase enclosed the 0. 01-1-micrometer very fine 
particle. So, it needed to inquire in consideration of coercive force 
developmental mechanics differing enough as a view of approach to both 
the magnets for the improvement in a property. 
[Means for Solving the Problem] 

As a result of examining that this invention adds various elements to a 

Fc(Co)-R-B system with a balanced phase comparatively easily paying 
attontion to a non-balancing phase to a producible high-spood (|uonching 
method, it I'inds out that the aperiodic compass which showed high HcJ 
and a high energy product even if R content was the presentation field 
of under 12 atom % and was isotropy, and was suitable for practical use 
with addition of Nb etc. can be offered. This invention is obtained by 
annealing of a high-speed quenching method and after that, and cannot be 
realized in a sintering process. Moreover, also more than in 12%R, the 
coercive force by the high-speed quenching method is improved. 
Furthermore, this invention offers a magnet alloy with good 
magnetization property and corrosion resistance by high-speed-quenching 
and annealing using alloying elements, such as Nb, Mo, Hf, Ta, and W. 
Moreover, this invention offers the approach for obtaining the engine 
performance of that magnet to stability further. 
That is, this invention is x (CebLal-b). (Fel-zCoz) 100-x-y-wByMw 
(However, except for Ce and La, the rare earth elements which include Y 
at least one sort of R' ) 5. 5<=x<=20, 2<=y<15, 0<=z<=0. 7, 0< w<=10, 
0. 80<=a<=l. 00, 0<=b<=l, and M have at least one sort of presentations of 



Nb, Mo, Hf, Ta, and W. It is manufactured by annealing of high-speed 
quenching and after that. It consists of a mixed phase of a raicrocrystal 
phase or a raicrocrystal phase, and an araorphous phase, and is the 
perraanent raagnet whose at least 50% or raore of a raicrocrystal phase is 
the raagnitude of less than 0.01-3 micrometers within the limits. 
In addition, although the purport which uses Zr as M is indicated by 
JP, 60-9852, A, when Zr is alloying and it fuses, it tends to evaporate 
and presentation control is difficult [ the melting point is as low as 
1852 degrees C, and ] for it. On the other hand, the melting point of Nb, 
Mo, Hf, Ta, and W is as high as 2467 degrees C, 2617 degrees C, 2227 
degrees C, 2977 degrees C, and 3380 degrees C respectively, and they do 
not have the above problems. 

The magnet of this invention carries out cooling coagulation of the 
alloy molten metal of the system which consists of Fe-R-B and Fe-Co-R-B 
of the aforementioned presentation with the so-called melt quenching 
method at high speed. Although this melt quenching method is an approach 

of injecting a raolten raetal from a nozzle, carrying out rapid 
solidification at high speed, and obtaining a ribbon-like ingredient and 
a disc method, the single rolling method (the piece rolling method), the 
congruence rolling method, etc. are shown in the front face of the metal 
body of revolution cooled by water cooling etc. , in this invention, the 
piece rolling method, i. e. , the method of injecting a molten metal on 
one peripheral surface of a roll kneader, is the most suitable. When 
obtaining the magnet of this invention by the piece rolling method, as 
for the peripheral volocily of a waicr-cooled roll kneader, it is 
desirable to consider as within the limits of 2 ra/sec - 100 ra/sec. The 
reason is that coercive force iHc becomes low also in any in the case of 
exceeding 100 ra/sec when roll peripheral velocity is less than 2 ra/sec. 
In order to obtain high coercive force and a high energy product, it is 
desirable to make roll peripheral velocity into 5-30 m/sec. Thus, by 
carrying out the rapid solidification of the alloy raolten raetal of said 
presentation by the piece rolling raethod in the roll peripheral velocity 
2 - 100 ra/sec, coercive force iHc is acquired [ 3000 - 200000e and 
Magnetization sigraa ] for the raagnet of 80 - 150 erau/gr. Thus, if direct 
rapid solidification is carried out from a molten metal, the 
organization of an amorphous substance or a very detailed crystalline 
substance will be obtained, and the magnet in which the magnet property 
was excellent as raentioned above as a result will be obtained. 
Although the organization after quenching changes with quenching 
conditions, and it consists of amorphous, a raicrocrystal, or its mixed 
organization, the raicrocrystal or the organization which becomes 



amorphous from a raicrocrystal, and size can be controlled further, and a 
higher high property is acquired by annealing. As a raicrocrystal phase, 
when at least 50 less than 0. 0I-3-raicroraeter% or raore is the raagnitude 
of less than 0.01-1 raicroraeter within the liraits preferably, a high 
property is acquired. A quantity property is acquired when consisting of 
an organization which does not contain an amorphous phase. 
The magnet by which rapid solidification was carried out is annealed in 
an inert atraosphere or a vacuum with a melt quenching raethod in a 300- 
900-degree C teraperature requirement for 0. 001 to 50 hours. By 
perforraing such annealing heat treatment, the property which raany 
properties becorae less sensitive and was stabilized is easily acquired 
by quenching conditions with the quenching magnet of the target 
component by this invention. When there is no annealing temperature and, 
as for the effectiveness of annealing, it exceeds 900 degrees C at less 
than 300 degrees C here, coercive force iHc declines rapidly. Moreover, 
even if the effectiveness of annealing does not have annealing time 
amount in less than 0. 001 hours and it exceeds 50 hours, raore than it, a 
property' s does not iraprove but only becoraes disadvantageous 
econoraically. Therefore, annealing conditions were specified as 
raentioned above. Moreover, a magnet property can be raised by performing 
processing among a magnetic field during the above-mentioned annealing. 
The magnet of the shape of an acquired ribbon can be preferably ground 
in particle size of 30-500 micrometers, and can be made with the bulk 
object magnet of high density by pressing between cold pressing or **. 
Al'tor it anncH I i ng-procussos nnd ihc permanent magnet furthermore 
applied to this invention grinds further the ribbon or powder obtained, 
the powder joining-together method, i.e., the melt quenching raethod, 
other than a raelt quenching method, it can join together by resin etc. 
and it can be used as a BONDIDDO magnet. 

The magnet of the shape of a ribbon acquired by the conventional high- 
speed quenching method or the magnet which made it with the bulk object 
after grinding, and the BONDIDDO magnet are known as shown in JP, 59- 
211549, A. However, a raagnet in which the magnetization raagnetic field 
which also attains to 40 or raore-kOe llOkOe(s) in order to raake it 
raagnetize to saturation magnetization as shown in J. A. P60 (10) voll5 
(1986) 3685 page is required for the conventional magnet, and saturation 
magnetization is possible at 15-20kOe which is the usual electromagnet 
was desired. It has the advantage that the magnet alloy which made Nb in 
this invention etc. contain can sufficiently be raagnetized by 15-20kOe, 
therefore the property after magnetization by 15-20kOe is improved 
sharply. 



in addition — on the other hand, with the conventional magnet, for 
example, Fe-13. 5Nd-5B, unless it becomes 25 - 30kOe extent, sufficient 

magnetization cannot be performed. 

Moreover, this magnet of the shape of a ribbon acquired by the melt 
quenching method is used for plastic working etc. , direct or after 
grinding, and the improvement in one about 2 to 3 times the magnet 
property of this is found high density and by anisotropy-izing. 
The microcrystal phase explained about annealing is obtained, and it is 
necessary to choose the temperature and the time amount conditions at 
the time of this plastic working so that coarse-grain-ization may be 
barred. About this point, the alloying elements M in this invention, 
such as Nb, control crystal growth, and since coercive force is not 
degraded and high coercive force is acquired also by the elevated 
temperature and long duration, they have the advantage of improving the 
plastic-working conditions between **. 

A plastic-working method is performed by a hotpress, extrusion, rolling, 

a swage, casting, etc. The conditions of a hotpress have 550-1100 
degrees C and desirable 200-2500kg/cm2. A property top has a hotpress 
and desirable extrusion, a hotpress — a primary press — although it is 
good, if a secondary [ further ] press is performed, a good magnet 
property will be acquired. 

Moreover, in the case of extrusion molding, 550-1100 degrees C and 400- 
12000kg/cm2 are desirable. 

The magnet an i sotropy-ized still in this way is also used as a PONDIDDO 
magnet. 

Next, if the reason for component limitation in this invention is 
explained, there is an inclination for coercive force IHc to decline 
[ the value of the amount x of rare earth elements ] less than by 5. 5, 
and the value of magnetization will become small if the value of x 
exceeds 20. Moreover, since the maximum energy product fell when the sum 
total of compound addition of Ce and La was added exceeding 20%, it was 
referred to as 0. 80<=a<=l. 00. Moreover, it is better to press it down to 
20% or less of x, since Sm metal also reduces an anisotropy-ized 
constant. The value of the amount y of B has small coercive force IHc at 
less than two, and Br falls or more by 15. Although the magnetic engine 
performance improves in permuting Fe by Co and curie temperature is also 
improved, if the amount z of permutations exceeds 0. 7, the fall of 
coercive force will be imitated, and it is **. 

If the amount w of at least one sort of M elements of Nb, Mo, Hf, Ta, 
and W exceeds 10, a rapid reduction of magnetization will be imitated, 
and it is **. Moreover, in order to raise corrosion resistance, one or 



more is [ 0. 5 or more ] more preferably good [ for the increment in iHc, 
0. 1 or more w is desirable, and ]. When two or more sort compound 
addition of the M element is carried out, the improvement effectiveness 
in coercive force IHc is larger than the case of independent addition. 
In addition, the addition upper limit in compound addition is 10%. 
Even if it permutes 50% or less of B by Si, C, Ga, aluminum, P, N, Ce, S, 
etc. , it has the same effectiveness as a B independent. 
Less than two to 15 range and z do not need to include the range of 0- 
0. 7, and w does not need to include 0, but y needs to be taken as the 
range of -10. in addition — as the desirable field for acquiring high 
coercive force — x — 12-20 — desirable — 12-15y — two to less than 
15 — more — desirable — 4-12 — the range of zero to 0. 6 and w of 4- 
lOz is 2-10 still more preferably more preferably than 0. 1-10 more 
preferably than 0-0. 7. 

Moreover, the desirable field of x for obtaining a high energy product 
with isotropy is more desirable than less than 12, in 4-12, and a pan, 

the range of 4-10 and z do not contain zero to 0. 6, and w does not 
contain 0 preferably [ it is more desirable than two to less than 15, 
and ], more preferably than 0-0.7, but the range of less than 10 and y 
is 2-10 more preferably than -10. 

moreover, a desirable field for a magnetization property to obtain a 
high energy product well with isotropy — x — 6-12 — desirable — six 
to less than 10, and y — two to less than 15 — desirable — 4-12 — 
further — desirable — the range of 4-10, and z — zero to 0.7 — the 
rnngo ol' zero to 0.6 and w is 2-10 excluding 0 more preferably than -10 
more preferably. 

in order [ moreover, ] lo obtain a high energy product by the anisotropy 
— a desirable field — x — 6-12 — desirable — six to less than 10, 
and y — two to less than 15 — desirable — 4-12 — still more 
preferably, 4-lOz do not contain zero to 0. 6, and w does not contain 0 
more preferably than 0-0. 7, but it is the range of 2-10 more preferably 
than -10. 
[Function] 

An operation of M addition is shown in Fig. 1 . Maximum energy product 
(BH) max obtained by hot pressing as shown in the coercive force iHc and 
the example 2 of a ribbon thin band which were acquired by the approach 
as shown in an example 1 is shown in drawing. 

Moreover, as a presentation, A:R-8B-remainder iron (example of a 
comparison) and B:R-8B-(3-6) Nb-remainder iron (this invention), however 
R show the example of Nd. 

As this drawing shows, it turns out that addition of M contributes to 



high coercive force-ization especially above about 10 atoms %Nd, and it 
contributes to improvement in maximum energy product (BH) max under by 
especially about 10 atoms %Nd in which low-cost-izing is possible again. 
Moreover, the contribution of M to the improvement in coercive force is 
also large. Such an inclination shows the almost same inclination, also 
when other alloying elements are used. 

Especially as a cause of the above raise in coercive force, the detailed 
organization where R content made the main phase not the coercive force 
device that uses a stable tetragonal R2Fel4B compound which is looked at 
by the conventional R-Fe-B magnet when it is under 10 atom % below 12 
atom % but the metastable R2Fel4 B phase to which M element dissolved to 
supersaturation with the high-speed quenching method becomes a cause, 
usually — although M may dissolve at an elevated temperature to 
stability to about 2 at(s)% — more than 2at% — if a high-speed 
quenching method is not used in order to dissolve, it is impossible, and 
this which exists metastable is guessed also from the result of an X 
diffraction. 

It turned out that the alloy which has the presentation which is 9Nd(s)- 
3. 5Nb-8B-rema i nder iron is consisted of a magnetic X diffraction Fig. to 
****** R2Fel4 B phase which performed aging treatment during after 
[ high-speed quenching ] 700-degree-C 10 minutes in a second in lOra /. 
From the X diffraction Fig. after [ after creating the casting ingot of 
this presentation ] 1150-degree-C 4-hour horaogenization, the diffraction 
patterns of a quenching magnet differ clearly and the main phase 
consists of RFe7 phases. 

So, although an alloying element M stabilizes R2Fel4 B phase also by low 
R presentations, this operation is acquired only in a high-speed 
quenching method, and it does not have such effectiveness at a sintered 
magnet. 

if it expresses by RxMwBy(Fe, Co) 1-x-y-w — 2<=w<=10 and 5. 5<=x<12 — 
desirable — 6<=x<=10 and 4<=y<12 — desirable — 4<=y<=10 — the time - 
- the above-mentioned operation effect — size — it is . Moreover, an 
alloying element M generates the subphase committed as border fades for 
a pinning site, and can also consider the work to strengthen suddenly. 
Furthermore, a part of alpha-Fe and other phases can exist as subphases. 
Moreover, a part of alpha-Fe and other phases can exist as subphases. 
Although coercive force developmental mechanics is based on the 
conventional R2Fel4B type phase when R content is more than 12 atom % 
more than 10 atom % especially, it is thought that coercive force 
improves according to the effectiveness that M raises a crystal- 
anisotropy constant. Moreover, the magnet by this invention is a magnet 



which the magnetization magnetic field was low, and ended, and was 
excellent in mass-production stability as stated previously. 
Example 1 The alloy which has the presentation which becomes Rx(Fel- 
zCoz) 100-x-y-wByMw was produced by the arc dissolution. Thin fasciation 
of the obtained alloy was carried out using the molten metal quenching 
method. Injection cooling of the molten metal alloy was carried out with 
argon gas pressure through the quartz nozzle in the roll surface rotated 
in a second in 10-80m /, and amorphous or the thin band which consists 
of the quality of a microcrystal was obtained. 

Aging treatment was performed to this thin band among the argon gas 
ambient atmosphere in the 550-900-degree C temperature requirement. The 
acquired highest magnetic properties are shown in the 1st table. 
Addition of the 1st M table shows that the high magnet of iHc and (BH) 
max is obtained. 

m 1 m 





Na 


mm 


Br 
(KG) 


iHc 
(KOe) 


(BH)nax 
(MGOe) 




1 


10.5Nd-5B-4Nb- 
bal Fe 


8.5 


16.0 


14.5 




2 


10.5N(l-5B-2Nb- 
l>al Fe 


8,3 


13.1 


13.1 




3 


13Nd-6B-2Nb- 
bal Fe 


8.1 


18.5 


13.4 




4 


10.5Nd-5B-4Nb- 
lOCo-bal Fe 


8.4 


15.1 


14.4 




5 


10.5Nd-5B-2Nb- 
lOCo bal Fe 


8.3 


12.8 


13.0 




6 


13Nd-6B-2Nb-12 
Co-bal Fe 


8.0 


17.2 


13.3 




7 


8Nd-2.5Pr-5B-4 
Nb-bal Fe 


8.4 


16.5 


14.3 




8 


8Nd-2.5Pr-5.5B 

-4Nb-10Cb-bal 

Fe 


8.3 


15.3 


14.5 




9 


10.5Nd-5B-6Nb- 
bal Fe 


8.2 


17.0 


13.5 





Na 




Br 

(KG) 


iHc 

(KOe) 


(BH)iiax 

(MGOe) 




10 


10. 5Nd-7B-3. 5 
Nb-7Co-bal Fe 


8.3 


14.0 


13.7 




11 


llNd-6B-2Nb-2 
Ta-bal Fe 


8.3 


14.9 


14.0 




12 


10.5Nd-6B-2Nb- 
IMo-bal Fe 


8.5 


16.4 


14.3 




13 


gNd-1.5Pr-6B- 
2. 5Nb-lW-bal 
Fe 


8.5 


14.7 


14.1 




14 


10Nd-lPr-6B-10 
Co-2Nb-2Ta-bal 
Fe 


8.4 


14.8 


13.9 


itmm 


15 


lO.BNd 5B bal 

Fe 


8.4 


4.1 


7.5 




16 


13Nd-6B-bal Fe 


8.0 


12.0 


12.1 


ttmi 


17 


10. 5Nd-5B-10Co 
-bal Fe 


8.2 


3.7 


7.0 


mm 


18 


13Nd-6B-10Co- 
bal Fe 


8.1 


11.5 


11.8 



Although 0. 1-lmm rust was generated in the sample of No. 15-18 when No 1- 
14 of the data of this invention and the magnet of example No. of 
comparisonl5-18 were left in the ambient atmosphere of 40 degrees C and 
90% of temperature for 100 hours, there were no ****** private seal ** 
in the sample of this invention. This shows that addition of M is also 
improving corrosion resistance. 

Example 2 The alloy which becomes Rx (Fel-zCoz) 100-x-y-wByMw like an 
example 1 was created. The acquired highest magnetic properties are 
shown in the 2nd table. 



m 2 m 





Na 




Br 

(KG) 


iHc 
(KOe) 


(BH)max 
(MGOe) 




1 


10. 5Nd-5B-2Mo- 
bal Fe 


8.3 


12.1 


13.9 


II 


2 


10. 5Nd-5B-4Mo- 
bal Fe 


7.9 


12.6 


13.0 


II 


3 


13Nd-6B-2Mo- 
bal Fe 


7.8 


15.6 


12.9 


II 


4 


10. 5Nd-5B-2Hf- 
bal Fe 


8.3 


12.8 


13.1 


II 


5 


10. 5Nd 5B 4Hf 
bal Fe 


8.4 


14.0 


14.1 


II 


6 


13Nd-6B-2Hf- 
bal Fe 


8.0 


16.5 


13.4 


II 


7 


10. 5Nd-5B-2Ta- 
bal Fe 


8.4 


13.0 


14.1 


II 


8 


10. 5Nd-5B-4Ta- 
bal Fe 


8.1 


14.1 


13.5 


II 


9 


13Nd-6B-2Ta- 
bal Fe 


8.0 


16.7 


13.4 









Br 

(KG) 


iHc 

(KOe) 


(BH)iax 

(MGOe) 


1/ 


10 


10. 5Nd-5B-2W- 
bal Fe 


8.3 


12.2 


13.8 


It 


11 


10.5Nd 5B 4W 
bal Fe 


8.0 


12.7 


13.1 


II 


12 


13Nd-eB-2«-bal 

Fe 


7.9 


15.7 


12.8 




13 


8Nd-2.5Pr-5B-2 
Ma-bal Fe 


8.3 


12.2 


13.8 


II 


14 


8Nd-2.5Pr-5B-2 
Hf-bal Fe 


8.2 


12.9 


13,0 


II 


15 


8Nd-2. 5Pr-5B-2 
Ta-bal Fe 


8.3 


13.1 


14.0 


II 


16 


8Nd-2.5Pr-5B-2 
W-bal Fe 


8.2 


12.3 


13.9 


II 


17 


10.5Nd-5B-2Mo- 

7Co-bal Fe 


8.3 


12.0 


13.8 


" 


18 


10. 5Nd-5B-4Mo- 
lOCo-bal Fe 


7.9 


12.5 


13.1 


II 


19 


13Nd-eB-2MQ-13 

Co-bal Fe 


7.9 


15.5 


12.8 




20 


10. 5Nd-5B-2Hf- 
7Co-hal Fe 


8.4 


12.7 


13.2 




21 


10. 5Nd-5B-4Hf- 
lOCo-bal Fe 


8.4 


14.0 


14.0 




22 


13Nd-eB-2Hf-13 

Co-bal Fe 


8.0 


16.4 


13.3 




23 


10. 5Nd-5B-2Ta- 
7Co-bal Fe 


8.4 


13.1 


14.0 




24 


10. 5Nd-5B-4Ta- 
lOCo bal Fe 


8.2 


13.9 


13.3 




25 


13Nd-6B-2Ta-13 
Co-bal Fe 


8.0 


16.8 


13.4 




26 


10. 5Nd-5B-2W-7 

Cb-bal Fe 


8.3 


12.4 


13,7 




27 


10. 5Nd-5B-4W- 
lOCo bal Fe 


8.0 


12.8 


13.0 




28 


13Nd-eB-21-13 
Co-bal Fe 


8.0 


15.8 


12.9 




29 


8Nd-2.5Pr-5B-2 
Mo-bal Fe 


8.3 


12.3 


13.8 


II 


30 


8Nd-2. 5Pr-5B-2 
Hf-bal Fe 


8.2 


12.8 


12.9 


II 


31 


8Nd-2. 5Pr-5B-2 
Ta-bal Fe 


8.4 


13.0 


14,1 


II 


22 


8Nd-2. 5Pr-5B-2 
W-bal Fe 


8.2 


12.2 


13.8 


mm 


33 


10.5Nd-5B-bal 

Fe 


8.4 


4.1 


7.5 


II 


34 


13Nd-eB-bal Fe 


S.0 


10.5 


11.9 





Na 




Br 

(KG) 


iHc 

(KOe) 


(BH)niax 
(MGOe) 


11 


35 


10. 5Nd-5B-10Co 
-bal Fe 


8.2 


3.7 


7.0 


II 


36 


13Nd-6B-10Co- 
bal Fe 


8.0 


10.4 


11,8 



The 2nd table shows that a high property is acquired from an additive- 
free alloy by the addition more than a kind of Mo, Hf, la, and W. 
Moreover, although 0. 1-lmm ** occurred in the sample of the example of a 
comparison when the sample of this invention and the sample (No. 33-36) 
of the example of a comparison were left in the ambient atmosphere of 40 
degrees C and 90% of humidity for 100 hours, it seldom accepted to the 
sample of this invention. As for this, that the sample of this invention 
is good also shows corrosion resistance. 

Example 3 The alloy which has a presentation as shown in the 3rd table 
blended the raw material so that it might be obtained, by high-frequency 
heating, these raw materials were dissolved, the molten metal was blown 
off from the quartz nozzle on ihc copper roll currently rotated by 
peripheral-speed 40 m/sec in argon atmosphere, and the ribbon with about 
20 micrometers [ in thickness ] and a width of face of 5mm was obtained. 
Subsequently, the ribbon was ground to the particle with a particle size 
of about 50-200 micrometers. Processing by the hotpress first on about 
700 degrees C, the welding pressure of 700kg/cm2, and the conditions for 
10 minutes was performed within argon atmosphere using sample No. 2, 7, 
12-14, and the powder obtained by 18 and 19, and the middle Plastic 
solid with a dimension of 20x20x20mm was acquired. 

Next, using this, with the free mold, the direction right-angled in the 
pressure direction performed plastic working by the second hotpress, and 
considered as the anisotropic magnet. Hotpress conditions performed 50 - 
70% of processing for time amount 7 minutes, and 40 minutes by the 

second press working of sheet metal the welding pressure of 900kg/cm2 
and whose temperature were 720 degrees C (in the pressurization 
direction). About the magnet property of a ribbon and No. 2, 7, 12-14, 
and 18 and 19, the magnet property after the second press working of 
sheet metal is shown in the 4th table. 



m 3 m 





Na 






1 


10.5Nd-5B-4Nb-bal Fe 




2 


13Nd-6B-3Nb-bal Fe 




3 


10.5Nd-5B-3Nb-10Co-bal Fe 




4 


8Nd-2.5Pr-5B-4Nb-bal Fe 




5 


10.5Nd-7B-3.5Nb-7Co-bal Fe 




6 


10.5Nd-5B-4Mo-baI Fe 




7 


12Nd-lPr-6B-2Hf-bai Fe 




8 


10. 5Nd— 5B— 4Ta— bal Fe 




9 


9Nd-1.5Pr-5B-3W-bal Fe 




10 


9Nd-2Pr-6B-10Co-2Nb-2Ta-bal Fe 




11 


9Nd-lPr-lLa-eB-10Co-3Mo-l>al Fe 




12 


12Nd-0.5Ce-1.0Pr-6B-3Nb-Bal Fe 




13 


13. 5Nd-0. 5La-5. 5B-2. 5Nb-lMo-Bal 




14 


15Nd-2Pr-6B-3(a)-3Co-bal Fe 




— 








lu. sjNa — DK — Dai re 




16 


23[i^ Qg 1,3^1 Ye 




17 


10.5Nd-5B-10Co-bal Fe 




Na 






18 


14Nd-2Pr-6B-bal Fe 




19 


14Nd-5B-300-bal Fe 





Na 


iHc 
CKOe) 


Br 

(KG) 


(BH)iDax 
(MGOe) 


iHc 
CKOe) 


Br 

(KG) 


(BH)inax 
(MGOe) 


iHc 
CKOe) 


Br 

(KG) 


(BH)inax 
(MGOe) 




1 


16.0 


8.5 


14.5 
















2 


19.0 


8.1 


13,2 


18.8 


12.2 


34.5 


18.7 


12.3 


34.7 




3 


14.5 


8.3 


13,7 
















4 


16.5 


8,4 


14.3 
















5 
6 


14.2 
12.6 


8.4 
7.9 


14.4 
13,0 
















7 


16.5 


8.0 


13,4 


16.3 


12.0 


34,4 


16.2 


12.3 


34,5 




8 


14.1 


8,2 


13,5 
















9 


15.0 


8.1 


13.4 
















10 


14.8 


8.4 


13.9 
















11 


12.6 


8,2 


12,7 














:mm 


12 


19.5 


8,0 


13,4 


19.3 


12.1 


33,5 


19.3 


12.2 


33,5 




13 


22.8 


7.9 


12,8 


22.5 


11.8 


32,8 


22.4 


11.8 


32,9 




14 


25.0 


7.3 


12,0 


24.6 


10.8 


27,5 


24.4 


11.0 


28,0 




15 


4.3 


8.4 


7,5 














imm 


16 
17 


12.0 
3.7 


8.0 
8.2 


12,1 
7.0 














imm 


18 


14.0 


7.6 


12,2 


10.5 


11.4 


29,5 


7.0 


11.5 


23,5 


imm 


19 


11.5 


7,8 


12,6 


9.0 


11.6 


28,0 


6.2 


11.6 


22,1 



It turns out that the magnet property of M addition alloy after plastic 
working between ** rises remarkably, and the improvement in iHc and 
maintenance of iHc have contribution especially in the presentation of 
presentation No. 2 of this invention, 7, 12-14, and 18 and 19 from an 
upper table. 

Example 4 The result of having performed the processing same about the 
alloy which has the presentation which becomes Ndx (Fel-zCoz) 100-x-y- 
wByMw as an example 1 is shown in the 5th table. 



m 5 m 





Na 




Br 
(KG) 


iHc 
(KOe) 


(BH)iiax 
(MGOe) 




1 


9Nd-5B-3. 5Nb- 
bal Fe 


8,8 


16,3 


16.4 




2 


9Nd-5B-3. 5Nb- 
12Co bal Fe 


8.9 


16.4 


16.6 




3 


9Nd 8.5B-4Nb- 
bal Fe 


8.6 


15.0 


16.4 




4 


8Nd-5B-3Kb-|jal 
Fe 


9.0 


15.8 


16.9 




5 


8Nd-5B-3Nb-16 


9.0 


15.9 


17.1 



Co-bal Fe 



Na m Br iHc (BH)iiax 

m^^^m) (KG) (KOe) (MGOe) 

6 7. 5Nd-9B-4, 5Nb 8,5 11.0 15.3 





6 


7.5Nd-9B-4.5Nb 

-bal Fe 


8,5 


11.0 


15.3 




7 
8 


7.5Nd-5B-3.5Nb 
-bal Fe 

7.5Nd-5B-3.5Nb 
-12Co-bal Fe 


9.7 
9.9 


15.2 
15.3 


18.8 
19.3 




9 


9.5Nd-6.5B-4Mo 

-bal Fe 


8,7 


13,2 


15.7 




10 


9.5Nd-6.5B-4f- 
ba) Fe 


8.7 


13.3 


15.9 




11 


7.5Nd-8.5B-4Ta 
-bal Fe 


8.6 


11.5 


15.7 




12 


7,5Nd-8.5B-4Hf 

-bal Fe 


8.8 


12.0 


15.8 




13 


8Nd-5B-bal Fe 


9,0 


4,7 


8.0 




14 


8Nd 5B 15Co 
bal Fe 


9.0 


4.7 


8.0 




15 


9Nd-7B-bal Fe 


8,9 


4,4 


7,5 



Example 5 The alloy which shows a presentation in the 6th table was 
obtained like the example 1. 

The magnetic properties of the obtained ribbon are shown in the 7th 
table. 



m 6 m 





Na 






1 


8Nd-lPr-5B-3.5Nb-bal Fe 




2 


7.5Nd-1.5La-5B-3Hf-bal Fe 




3 


9.5Nd-7B-3.5Nb-bal Fe 




4 


8,5Nd-1.2La-5B-3Mo-bal Fe 




5 


9Nd-5B-3f-bal Fe 




6 


7.5Nd-8B-4}Jd-bal Fe 




7 


8Nd-0.5Dy-5.5B-3Ta-15Co-bal Fe 




8 


7.5Nd-1.5La-5.5B-3Hf-10Co-bal Fe 




9 


5,5Nd-10B-bal Fe 




10 


8Nd-5B-bal Fe 




11 


8Nd-5B-12Co-bal Fe 




12 


8Nd-8B-bal Fe 



m 7 m 





Na 










iHc 
(KOe) 


Br 

(KG) 


(BH)iiax 

(MGOe) 




1 


16.3 


8.8 


16.4 




2 


15.5 


9.3 


16.8 




3 


12.7 


8.6 


16.0 




4 


15.2 


9.1 


16.5 




5 


15.5 


9.2 


16.6 




6 


10.3 


8.6 


16.6 




7 


15.4 


9.4 


17.0 




Na 










iHc 
(KOe) 


Br 

(KG) 


(BH)iwx 
(MGOe) 




8 


15.5 


9.3 


16.8 




9 


3.2 


11.6 


6.3 


itmm 


10 


4.7 


9.0 


8.0 




11 


4.7 


9.0 


7.9 




12 


4.5 


8.9 


7.5 



Example 6 The alloy of the presentation shown in the 8th table by the 
same approach as an example 1 was created. 

What carried out magnetization measurement of this sample by 18k0e(s) 
first using the oscillating-type magnetometer, and then was measured 
after pulse magnetization by 40k0e(s) was compared. Brl8 K/Br40K(%) 



shows the value. 

In addition, the value of front Naka is a value of the sample which 
carried out pulse magnetization by 40k0e(s). 

1 8 S 





Na 




Br 

(KG) 


iHc 
(KOe) 


(BH)max 
(MGOe) 


BrisK 
Br4 0K 

(%) 




1 


10.5Kd-6B-4Nb-10Co-bal Fe 


8.4 


14.1 


14.4 


0.97 




2 


10.5Kd-6B-4Hf-bal Fe 


8.3 


12.8 


13.1 


0.96 




3 


9Nd-6.5B-3.5Nb-bal Fe 


8.8 


11.5 


16.4 


0.98 




4 


9Nd-8B-4Ta-7Co-bal Fe 


8.7 


11.0 


15.8 


0.98 




5 


13.5Kd-6B-bal Fe 


7.8 


12.0 


12.5 


0.92 



This system alloy is understood that magnetization is easy from the 8th 
table. 

Example 7 The thin band which has the presentation shown in the 9th 
following table was ground to about 100 micrometers, mixed press forming 
was carried out to thermosetting resin, and the bond magnet with a 
consistency of about 6g [/cc ] was obtained. The result of having given 
and measured pulse magnetization of 40k0e(s) is shown in the 9th table. 

m 9 m 





Na 




Br 
(KG) 


iHc 
(KOe) 


(BH)nax 
(MGOe) 




1 


9.5Nd-6B-4Nb- 
bal Fe 


6.8 


12.5 


9.6 




2 


7. 5Nd-9B-10Co- 

4Nb-bal Fe 


6.7 


9.5 


9.3 


mm 


3 


9. 5Nd-8B-bal 
Fe 


5.7 


5.0 


5.7 




Na 




Br 

(KG) 


iHc 

(KOe) 


(BH)iiax 

(MGOe) 


imm 


4 


7.5Nd-8.5B-l>al 
Fe 


4.5 


3.4 


2.3 




5 


13.5Nd-5B-bal 
Fe 


6.0 


13.0 


6.8 



Moreover, the magnet of No. 1-2 of this invention had the magnetization 
as good as 97% or more by 18k0e(s) compared with the pulse magnetization 
by 40k0e(s). The place which furthermore measured the temperature 
coefficient of iHc and Br over 20 degrees C - 110 degrees C about the 
sample of No. 1-2, dBr/dT=0. 08-0. 1 1%/degree C, diHc/dT=0. 34-0. 40%/degree 



C, and a good value were shown. 

Moreover, the magnetization by 18k0e(s) of the sample of No. 5 of the 
example of a comparison was 92%. The place which furthermore 
investigated Br of the example of a comparison, and the temperature 
characteristic (20-110 degrees C) of iHc 

0.1 4 f>/yz 0.4 1 0/C 

It came out. 

[Effect of the Invention] 

Although R, Fe, and B content are based also on an addition by adding M 
element by this invention as compared with M element additive-free 
magnet of the almost same system so that clearly from the above 
explanation, especially an example, the coercive force iHc of 1.5 times 
or more is attained, therefore, the fault that the temperature 
characteristic of the coercive force iHc of a R-R-Fe alloy magnet is not 
excellent should carry out for being — this fault was compensated, and 
more than high improvement in coercive force iHc was attained, and the 
practical permanent magnet was offered. 

Moreover, since the organization of the magnet of this invention can 
demonstrate the still higher coercive force iHc by controlling the 
diameter of crystal grain by annealing appropriately, if conditions are 
chosen so that not only the process of a melt quenching method but 
diameter control of crystal grain may be carried out, it can also adopt 
warm working, such as hot pressing, as a process. In this hot pressing, 
since the sensitivity over the crystal growth of temperature and time 
amount conditions is eased by operation of addition of M element, this 
magnet has an advantage that it is easy to manufacture. Moreover, there 
is the description of being the magnet which was extremely excellent in 
the magnetization property. 

Furthermore, the magnet property that no content of rare earth elements 
R is inferiority also in less than 10% as a point which should be 
mentioned especially with the case of 10% or more of contents of rare 
earth elements R is acquired. Therefore, it is low cost, and means that 
coercive force and a magnet with a high energy product were offered by 
this invention, and the meaning of this invention in the field concerned 
is large. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Fig. 1 is a graph explaining the effect a rare-earth-elements content 
and Nb affect a magnet property. 
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DRAWINGS 



[ Fig. 1 ] 
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L'T.'L', 1986. 4 -28 (No.9) SFSC^S) , 
R - B - FeSStCi^fftH^^^CC J; D iSt,^<Sii/5iHti 
J. -t. il+fS -li 4 C t «r4§^T 41|l^3fl350-9652 

B = 0 . 5-10!^ , mmf^-> huh h<j>f>''mitiK<DTm 

i^um n-CC > 4o SfcSR - B - FeS^©ffinft:SS54$ 

4*<*Nci Fe. , Bfeft^isjci: 4fc«>i^wsn-cfc o , -c- 
©/cs^jftiitS. !SjiS?%j£«c<:il5#tt*KA-r4fc» 

< C^>*l* ( f^Sg 59-89401 ,60-144?06 ,61-579749 , 5 
40 7-141901 ,61-73861^ SIR) MCmt-^^mtt hU 
mo£.m. fStbfe, R=1J-17«. B=5-8?*«>« 

a©SS:©;^K:S'^t^c*,>4. #±Si^tjeitiSlif* 
4ft:ar;, 'efl>SSfi4ttT3l+4CiS^2*n44\ # 

3tKa^ftTr4<!;(,»^H!S;5i*«jeSllgW-985?^fltR 
= 10?* i ft 4 i i Hci*6K).*tT«C a 4*J!(S5n 3 nr I > 
4. Tfttjfe. R-B-Fo^^^tCfe(,it:#±SBic*© 
^■^Sj>4i2*«*iSllCrjr4i, lSM;'3iHc*4^1t-r4i© 
s^*^* -7 tc(D'Zhhi>y *.^4«l6£ffiatcfei,iT<SiS 
50 i Hcw^f b«:fflihT 4 i; ^ tcisaesv 6 o'Jc ^aa^r^f 
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t«SSi&ffi*45^]lOji m r & D , Sfc*©5i«-CoifiiS5't- = 

5i*0.91- 1 M r** 5 T ^t|3»5?KOia 

^f<:lO«>r iStlil'tCiiaiC.^: D]igSl0>br>il:«>9!l»f9£3^«: 

f'la:*:>fe, {R' , (Cg.La.-»),- J > 

X g 20. 2 g y <15, 0 g Z S 0,7, 0< W S 10, 0,80 

S a £1.00, 0 S b S 1 . MitH)Mj,Hf,J&i^J^U't/(0 

icij, ^raeso-ssss^^'^ISiCi*, MiU-CZr&^M 
>hn-.'l'A«!!gr'*<£>. cntCjftfC, t«),Hi;,Hf,Ta. 

«ti, ^-®»!=:*K-n'en246rc. 26i7x:. 2227-0, 297 

^t£^^©i^Sk*. ffia©Sfl.'ii5(^>Fe- R - B*J^;CI<Fe- 
Qj- R - B*'6.1i4.^©&^^grfi«:t^bi9)4jSl*.a?^^ 



(C. /X.iUj!»6!grSS:SiiilL.-Ci5iS-CB?%Sil3tr, 'J 
•t©S* ii. P - .'UJgia!gv}32iii/5ec*i«(f>i»^te .fc O'lO 

< 'tc ■&)!)» ^T* 4. ^mmij, i5x.t.*+-fs*{S4fc 

r. fSiiS;^3iNcAK 3000-2000003, iffilfccrJlySSO'-lSOgwJ 

A* ^ t ^ iifSSSftXit -C-Cia^JmO-'^ 434*. JKSiSt^ 
J:9 •C-<D»SSa5liiT**7T;!.i9tifg«l*6^£4M 

ei4d!iifi*i4. iSMtSilii-'rit. 5J.'< i t509iW± 
*s. 0.01-3 M fflJsSW* ly< Ito.oi- 1 w m*sia<^>i|il 
m<C'-kit $ c*4ii#. t)n4. r**7 T 

Ati^ a* 6.vt 4i§isif tt^ij? *sn4 . 

as* *./ < ii^S*K:fo<,i-c 3oo-9oo*c<?>m«SBtci: 

30 0.001-5C»iSJ«i«r4. C<DJ;^W:K§IS^S!!S«:*fSl" 

mm^wcmni,. ccvmi^mt, 3oo-c* 

#Ci*:eSf6roa!)Sii'^^<. 90O*C^sa;i4«SlCW, 

iS/j i nc*i.tsi[tiHSTi-4o s tcmimm-'Q .ooiMfs* 

iS-Ck*m<^>!SllS*irj; < . 5(^#fSl ^ "C t> ^-^^.±4$ 
tikSieji-a-s-. ii?^e^)tc?:*iji!ir4?ciir-*4. btc-/fi 

40 ii4ct3!i*r'*4. »f=.nft:«j#>«:©ia5*. Jtsi, 
< 4* 30- sooii m<i>^micm tx. m^i'^X\t& 

ffi*4. 

^l/-CK>r < KSg5iT4s*4a*4o 
f.;£*(Oi5}i.ti2$^tc J; 9 ff f=.nfc iJ !l<>tt©ES*4 

50 ^ y mmmm^3-nvi^'i:nK.msni>mm 



feflTl^«>o b3S-t/St3fc©iSSi*3.A.P60 (1G> A-ollS 
{1986) 3685B{CS$n*SH< l&«MftS r«il«?ii& 

fcs^ic ii, 4oi«?J[i'.±<z:'iiokoe<j: t fe J: 

rC*«3 , iiS©§i^e-C*il5-2Gl«*'CS!«i#]SHl 
■ti^-c5H;p^^v*15-20lOaT?+fJgl!^fl^-C*4 i 5 

-tl4iS. cntCifl-. Seift©i85. Pl^.liF«-13.5l«-5B 
Is 

5?. a t/.^5U©*i^ 55a-- U05*C. ^o-- ucGOka.'ciii' 

Hi*. 2*S-Ck*iSii>Ji»a»i'h3<. i5W±i:'lier.*s 
*iio*«S A 4 i Kft.<D««^i:f« J** 4 fa < , a i ftC" 

B©50fiWTt5i X,Qj,Al,P,N,C'3,5^CgjSfcL/-C* 50 
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8 

■Srti -5. 4 0 1 ^IStSi T X ytl2- 20J: D S?S L/ 
< 4*12-15. yi*2-i5*iia. J: 0 St* t/< 1*4-^12$ 
J^eCiit* 4*4-10. z i*0 -0.7J: OJ?* K J*() 
-0.5. w i*o, i-ioJ: 0 sit 4 L« < t* 2 -ijorc>j|a0-c*> 
^. 

{*x4*i2*SJ:Oftf«t.<i*, ifSRSiS. yt*2-isfeS 
J:DiltSl/<i*4-12. 3f,tC«f3EL-<it4-10<C"*5 
a. z;*0-0.?J:Dfi5S(..<t*i)-0,& vitOSSS 
T-IOJ: OtfS K it2 -lO©*5iaT-*^, 

©Sf S L.t,^|ii*4*x ii 6 -12J; 0 ftf * U< it. 6 -10* 
ji. y ti2 -is^lisJ: 0 StS b < !44 -12$ *E>{i:5tS O 
<i*4-l0iDffiB. z {±0-0.7. J:0tf4U<l±0- 
0.6. wi*0«:S*r-10J: 2-l0©a 

X k* 6 - 12 J; D St* U < i* 6 -l0*i^ . y it 2 -l5*?ii 
J: D i!*a L/ < i*4 -12$ 6<c»5 I- < 4*4 -10. z i±0 
-0.71 OJt* 0<4*!)-OA witO *as^-ioJ: 0 
SfS L.<l*2-10©<SH-C*i. 

$ 1 m^^uBitmnm^^, is«:t*s^«i i (<:^f 

0'B:R-8B- (3-6) Nb-SI^S^ <*S^) . fSURi* 

C (Omiy*hh.')^i> J; ^ <C . M(^>53lj)D4*iK;10)l^ 5^1**:', 
±-Ci*1^tC15fSll«;'7tfctC^^USfcf£=5X r 
?}10l.^%t«*i^ri±l|{<:t7:J-t-^l'=flH (GH) maxC 

WT. #4i ldS^!X*^S^^>ifl &l*8t*c R - fs 
mc Uji^^imi^i' km^ciEt:: R, Fei , Btl« £tB i Ofc 

^.?^s*^t,3,'ac^nii;r^ieST-*o . ^s^tcj^ari 

St*l-3 , 5NI?-8e- «l^.^-C*^.iSfi.i!!S?: 1 10m/ 



-e ni9>/l , asi«7c3llM4S:teR aiiS-C ifa R, F9. . 5^14$ 

1^ MB, { Fe,G>) 1 - X - y - wr-SJifflif, 2 £ 
w5m 5.5Sx<lStSL/<i*SgxSl5. 4^y<l 

M:^ttt&«:±^^-tt*5amicj; Off ll«^3!>4iai±-r4i 

mm 

K (F&. .ca ).„ ^iim^mti,-^^^ 

?%ip tyr^^S!g*4l'lt»»SSe*>*>iS4iS?St fife. 

C ©if sterna >^';^l?a5S*550 - 900lC«3!)!g«*5 
S I ^i: 0 . MwaiWC 0 , iHci { BH) maxK'iSft,^ 

J a 





tin 


(STB*?) 


(KG) 


\\ie 
(KDe) 


(MCOe] 




1 


bal r« 


8.5 


l&O 


14.5 




2 


W,S)d-5B-2M>- 
bai Fe 


8.3 


13,1 


13,1 




3 


lMy-6B-2M>- 
bn! Fo 


8.1 


18.5 


13.4 




4 


J0.5W-5B-4M>- 
WCfl-Ul Fe 


8.4 


1^1 


14,4 




5 


ia,5Nd-5B^2il>- 
JOCo-bal Fe 


8.3 


12,8 


13.9 




6 


13W-eB-2»i-12 
Co-bal Fe 


8.0 


17.2 


13.3 




7 


8N<i-2.5Pr-a-4 
Nb-bal Pe 


8.4 


10.5 


14,3 




8 


«N«l-2.5Pr-5.5B 
-lM)-lQCo-bal 

Ffe 


8.3 


IS. 3 


14.5 




9 


10.SNd-5B-6M>- 


8.2 


17.0 


13.5 



bo! F« 



10 









(KG) 


iHc 






10 


W.5i)d-7»-3.5 
Nb-7Co-ba! Fe 


8,3 


14,9 


J3.7 




11 


llHd-6li-2»>-2 
Ta-bai Fe 


8.3 


14.9 


14.0 




12 


H).5Nd-8B-2M>- 
IMo-Ul Fe 


8,5 


18,4 


14,3 


*m 


13 


aKd-l.EPr-9B- 
Fe 


8,5 


14,7 


14,1 




14 


MMd-lPr-ae-lO 
Co-ZHb-2Ta-bal 

F? 


8.4 


14.8 


13.9 




15 


lfl.5Nd-5B-hal 
Ft 


8.4 


4.1 


7,5 


mm 


10 


l3»M-6B-bai Fe 


8,0 


12.0 


12.1 


asm 


17 


ia.5Nd-SB-10Co 
-bat F9 


8.2 


3.7 


7,0 


Hem 


18 


13Nd-6B-10Co- 
tal Pe 


8,1 


11.5 


11,8 



2<3 $^^«)W»4C'ltol-^14fe cfcfltttlaiMl*}. 15'-183C;'iS5 

*ais<f>si34K its* (=»nw*' -> &. c ti 0 M 

^id04 1 <bFit£tCR. (Fe, .^Ca ).,.. Bvhl tc4^ 

1 2 i 



30 



40 





Ni 




Br 

(KG) 


(KOe) 


(BH)inaK 
(UGOe) 




I 


10. SNd-»-2UD- 
bal Fd 


8.3 


12,1 


13,9 




2 


10,5Nd-5B-4Mo- 
bal ?• 


7,9 


12,8 


13,0 


II 


3 


l3Wd-BB-2lb- 
bai 


7,8 


15.6 


12:6 




4 


lD.5N<l-5B-2Hf- 
bal Fe 


8,3 


12.8 


13.1 


II 


5 


10, 5tW-5B-4lif- 
bai Fe 


8,4 


14,0 


14.1 




6 


J3Nd-6B-2Dr- 
bal re 


8,0 


J8,5 


13.4 


II 


7 


10,5NJ-5S-?li- 
bal F» 


8,4 


13,0 


14.1 




8 


l0.5Nd-5MTa- 
bal Fe 


8.1 


14.1 


13.5 


II 


9 


13Nd-eB-2Ta- 
bal Pe 


8,0 


16.1 


13.4 



u 





»> 












IG 


10.BNd-EB-2»- 
bal P* 


8,3 


12.2 


13.8 




IL 


lO,SW-!sB-4»- 


8.0 


12.7 


13L1 




12 


l3Kd-®-2Bf-bel 


7.9 


15.7 


12.6 




13 


8MJ-2LaV-5l*-2 
tfe-twl Fe 


8.3 


12.2 


13. 


» 


U 


8!«-2.5Pr-5D-2 


8,2 


12.9 


13.0 


If 


15 


a«-2.5Pr-5B-2 
Ta-bal r« 


8.S 


13.1 


M.0 


u 


le 


8W-2.SPI-5B-2 
V-tdi! F« 


8.2 


12.3 


13.9 


II 


17 


ID. !JtHiB^4)D" 
TCo-bal Fe 


a.3 


12. Q 


13.8 


II 


18 


lD.aM gl3-4MD- 
lOCkHal Fe 


r.9 


12.5 


13.1 


n 


)9 


WNd-61JHaft(-l3 


7.9 


15.5 


12.6 


n 


aD 


10.ES4I-SB-2Hf- 
TCoHboi 


S.4 


12.7 


13.2 


n 


21 


lD.EW-5B-lHf- 
lOQrfaal Fe 


a.4 


14.0 


14.0 


« 


22 


l3K4-eE(-2K-13 


a.0 


16.4 


13.3 




23 


l0.9H-5B-2'rR- 
TCo-bal Fe 


Jl.4 


13.1 


14.0 


)t 


24 


io.aM-5B-<rra- 

IOO>-ba! r« 


8.2 


ia.9 


laa 


II 


25 


nNd-fl8^a-13 


8.0 


18.8 


13.4 




3& 


10.ENd-5B-Z»-7 
Co-l*l Re 


8.3 


12.4 


13.7 


It 


27 


l0.8ftl-5B-4»- 
lOCb-bai Fe 


8.0 


12.8 


13,0 


II 


28 




8.0 


i5v8 


12.9 


It 


» 




S.3 


12.3 


13.8 


II 


30 


«f-b«l 


8.2 


12.8 


12. B 


it 


31 


a«-2;5Pi-5Et-Z 
Th-lAl F» 


8.4 


13.0 


14.] 


II 




»H-2.S?)--5B-Z 
!Hka! Fe 


8,2 


12.2 


13,8 


itim 


33 


lD.eM-SI3-ba! 
Fe 


8,4 




7,5 


» 


3i 


l3K^f|»-Ui| F* 


8.0 


10.5 


IU9 



(6) #1*2 7 2 7 5 0 5 

12 









Br 

(KG) 








35 


10.5Nd-58-lOCo 
-bal F» 


8,2 


3,7 


7.0 


It 


36 


13Nd-eB-lOC(r 
bal F* 


a.0 


10.4 


11.8 



«©i?astfiocfisp5Sisi,feic6. 

^iCJEt^-SrSSL, i5Ji^71lilS^0Cj:-,-CCn*b®!lt4«: 
iS!!¥ L, T .'Us >#SSt4»<C-Cilii4Cii!/59c-C-ilit(./C 
I ' * S P - .'UfC 5S X^l.^ Pig , J? 3 Sfjzo 

mfifS{^>eS©fiTtct»S^Ufc. 1J->:/.'H«>.2,7,l2-l 
4,18,iyCff*=>nfca**^t'-C7JL<3>^pSlrt(CC 
y)?^^;. ?BS;'3700l«q./ciil'. lOiWHC'^frrS 1 iS©* 
^ h U >. ^; 4 jJDXitf it v -C , 20x zox jGiro«:--i-?* 

a-C . Sr 2 iXC'sf^ r 7 U CC J: &ffi-14lBX«:tT'tI I 

•J !jt>WlB5#ttSil>'l*>, 2 , 7,12-14 aS-l^fC-'l't: 
It *2i^l©:::^UXiDlfgCSge«*14^^4 SK^S-?. 

1 3 m 



40 











I 


10,5Nd-5B-4Nb-b*i Fe 




2 


13W-eB-3M,-tei Fe 




3 


]0,5Nd-9B-aab-10Co-ba! F« 




4 


«Hd-2.6Pr-5B-lft-bal Fe 




5 


10.5Nd-7B-3.5Kb-7Co-!.al To 


*m 


6 


10,5Nd-5B-4HD-bal F» 




7 


12W-iPr-68-2Hf-bal Fe 




8 


10.5Nd-5B-4Ta-bal Fe 




9 


gK<i-l.5Pr-5B-31l-bal Fe 




10 


9W-2Pr-fiB-lOCo-2Nb-21U-l>ai Fe 




U 


gNd-lPr-JLa-6B-10Co-3lb-ba! Fe 




12 


12«(i-0.5Ce-l.0Pr-eB-m-Bal Fe 




13 


15. 5Nd-0. 5La-5. SB-2.5M>-lMo-Bal 
F* 




14 


I5Hd-2Pr-(jB-3Nb-3Go-bal Fe 



(7) 4*1*2 7 2 7 5 0 5 







13 




14 








* 






16 


10,5Nd-e8-Bal ft 


it»#lJ 18 1. 


ll«-2Pr-flB-ltal P« 




16 


J3W-flB-bal F« 


iiam 19 1^ 


lNfl-5B-3C0-te! Fe 



Its*) IT RSW-SB-lOCo-bal Fe 



™ IHo Br m)m IHo Br (8H)iiSK iHc^ ^Br (BHjafOr 
m) <KG) OBOb) (KOe) (KG) (IBOeT (WOe) <KG) (MOOe) 

1 16. D 8.5 14. S 

:^?m t 19,0 8^1 13.2 J».8 12.2 34.& 1«.7 12.3 34.7 

3 14.5 a.3 13.7 

'I 18,5 8.4 14.3 

5 R2 &4 14.4 

6 12.6 7.9 13.G 

7 16.5 8.0 13.4 1S.3 12L9 34.4 15.2 12.3 34.5 

^^t^^n 8 14J 8.2 13.5 

^?bm 9 15.0 8.1 13.4 

10 14.8 8.4 13.9 

n 12.6 8.2 12.7 

12 19.5 8.0 13.4 19,3 lai 33.5 19,3 laZ 33.5 

:^m^ I'i 22.8 7.9 12.8 22.5 11.8 32.8 22,4 11.8 32.9 

14 25.0 7.3 12.G 21 6 10.8 27. S 24.4 11.0 28.G 

itflS^ 15 4.3 8.4 7.5 

itmm 16 12.0 8.0 12. i 

ymn 17 5.7 8.2 7.0 

tmm K 14.0 7.5 12.2 W.5 11.4 29.5 7,0 11.5 23.& 

ttmi 19 11.5 7.8 12.6 9.D 11.6 28.0 6^2 11.6 22.1 



< ±^ . i J: If i H:<rMi^iCW^mh 
ST. 

» I E 





Ml 




Br 

m 


(ID() 






1 


bal r« 


8.8 


16.3 


16.4 




2 


gK<l-5B-3.5»l>- 
J2Cc-bal Fe 


8,9 


16.4 


16.6 




3 


eMd-S.5B-4M>- 
ba! Fa 


8.6 


15.0 


ia4 




4 


8Nd-5B-3Nb-bal 
Fe 


9.0 


15,8 


16.9 




5 


SNd-5B-3W)-16 
Co-bal Fe 


9,0 


15.9 


17.1 



40 





H3. 


mm. 


Br 

<i(G) 


iHc 
(KOb) 


(.BHWx 
(ilOOe) 




6 


7.5l*l-g»-4.5Nb 
-ba! F« 


8,5 


11.9 


15.3 




7 


7.Siiil-5B-3.SNb 
-ba! F« 


9.7 


15.2 


18.8 




8 


7,aU-5B-3,S»lb 
-12C<rl>*l Fe 


9.9 


15.3 


19.3 




9 


&5Nd-6.ra-4lio 
-bfti Rs 


8.7 


13.2 


15.7 




10 


bal Fe 


&7 


13L3 


1S.9 




11 


7.5»ld-8.5B-4T^ 
-lai Fe 


8,6 


11.5 


15.7 




12 


7.»iii-6.5B-4Hf 
-ba! Fo 


8.8 


12.0 


15.8 




13 


8M-5&-bai Fe 


9.D 


4.7 


8.0 




14 


8Kd-5U-15Co- 
bo! F« 


9.0 


4.7 


8.0 




15 


9M-7B^ai Fe 


8.9 


4.4 


7.5 



50 memcs^e&^nit'&^'km.mimmciyxw 



4*1^27 2 7 50 5 



« 6 ^ 



2 7.SW-l.Sia-5B-aHf-l.al Fe 
31;:%^ 3 a5»l-7B-3.aft-balF. 
:^fS>H 4 8.5Hi-1.2U-5B-3l!o-b»! Fe 

5 8W-5B-3if-tal Fe 

6 7.5Nd-aB-4Hd-ba! F« 

7 8M-0.5D>-S.5B-31V-19Co-l>al 
^fgaq 8 7.5H<i-1.5La-5.5B-3Hf-li)Co-bal P« 
ittSgiJ 9 5,5W-iOB-bal Fe 

HMfl 10 8Na-5B-bal Fe 

ifciitgl 12 «M-8B-bal Fe 













iHe 
(KDe) 


Br 

(KG) 


(BH)inax 

(liC!*) 




» 


155.5 


9,3 


16.8 




9 


3.2 


11.6 


6.3 




10 


4.7 


9.0 


8.0 




11 


4.7 


S.O 


7.9 




12 


■4.5 


8.9 


7.5 













iHc 
(KOe) 


Br 

(KG) 


(BHjinax 
(MGOe) 




1 


1&3 


8.8 


16.4 




2 


15.5 


9.3 


16.» 




3 


12.7 


8.6 


ie.o 




4 


15.2 


9.1 


16.5 




5 


15.5 


9.2 


16.6 


;!!:^ 


6 


10,3 


8.6 


16.6 




7 


15.4 


9.4 


17.0 



iHe 



i l0.5Hd-0B-4ft-l0C«-bal Fe 5.4 

2 i0.5lia-6B-4Hf-1>al Fe 

jtim 3 9lId-8.5B-3.5*-bal Fe 8-8 

**IS 4 9Nd-8B-4ra-7Go-bal Fe 8.7 

H;tSa 5 13.5«d-6&-bal hl_ 



(BH)oax 

(ycoe) 



|T..ic 
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